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Part I: Lyh forest
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Breaking down the paper title

hǾŜǊ ǘƘŜ ƴŜȄǘ ǎŜǾŜǊŀƭ ǎƭƛŘŜǎΣ ǿŜΩƭƭ ŀŘŘǊŜǎǎ

ÅRedshift space

ÅBaryon acoustic oscillations (BAOs)

ÅStreaming velocity

ÅLyman- fhorest 



Redshift space

ÅIn real space, objects (like galaxies) are where they appear to be.

ÅLƴ ǊŜŘǎƘƛŦǘ ǎǇŀŎŜΣ ŀƴ ƻōƧŜŎǘΩǎ Ǉƻǎƛǘƛƻƴ ƛǎ ŘƛǎǘƻǊǘŜŘ ŀƭƻƴƎ ƻǳǊ [h{
ÅCaused by peculiar velocities

ÅConvention is that line-of-sight lies along the z axis

Image credit: Will Percival 



BAOs

Primordial universe is a plasma of photons and baryons
Dark matter overdensitiesare seeded throughout

Tug-of-war between gravity and fluid pressure

Generates sound waves called BAOs
Can travel a distance ὶ ρτχcomoving Mpc before decoupling

Baryons left behind in spherical shell around overdensities

We get a standard ruler!



Credit: BOSS Collaboration



Streaming velocity

ÅGenerated by the same physics that produced BAOs

ÅBaryons and dark matter have a supersonic relative velocity at 
decoupling

ÅMore important than usual Jeans criteria for structure formation
ÅChanges filtering mass of the intergalactic medium

ÅWill impact the BAO scale by some amount



Lyman- fhorest overview

ÅH I gas clouds spread throughout IGM

ÅBackground quasar shines light, exciting Lyman- thransition

ÅAbsorption in multiple H I clouds along LOS

Å/ǊŜŀǘŜǎ ŀ άŦƻǊŜǎǘέ ƻŦ ŀōǎƻǊǇǘƛƻƴ ŦŜŀǘǳǊŜǎ ƛƴ ǘǊŀƴǎƳƛǘǘŜŘ ŦƭǳȄ

Credit: M. White and L. Hernquist



Visualizing the forest

Credit: John Webb



Why the Lyman- fhorest?

ÅRobust tracer of structure at 2 < z < 6

ÅStudy reionization & thermal history of IGM

ÅProbe smaller physical scales

ÅComplement data from other probes

1903.05140



LSS perturbation theory basics

ÅAssume underlying matter field smooth, collisionlessDM
ÅFollows Poisson, continuity, and Euler equations

ÅAt large scales, some fields can be treated as perturbations to others

ÅLinearize equations to solve for evolution of fields

These fields are perturbations To these local fields

Density contrast Cosmic density

Peculiar velocity Particle velocity

Cosmological gravitational potential Newtonian potential



Biasing theory

ÅTracers are related to matter field according to some equation

ÅOften a messy relationship, but we simplify it into a polynomial

ÅSet the tracer density contrast equal to fields related to the matter 
field

ÅUnknown coefficients are referred to bias coefficients



PT and bias in Lyhforest

ÅMost (purely) PT models are based on linear theory

‏ ὦ‏ ὦ–

ÅMy work introduced a complete 2nd order model
ÅApplicable to any tracer in redshift space
ÅIndependently derived, but resembles EFT of LSS for galaxies

‏ ▼ ὧ ὧ‏ ὧί ὧ‏ ὧί ὧ‏ί ὧὸ ὧί ὧ ί ί

ÅStreaming velocity contributions added

ὦ ὺ ρ ὦ ὺ‏ ρ ὦ ίὺȟὺȟ ὦ ὺȟ
ρ

σ
ὺ



Where did ‏ ίcome from?

ÅGet a physical picture of the situation

ÅAsk what symmetries are present (azimuthal symmetry)

ÅConsider all relevant fields

ÅUse group theory!

ÅProve our expansion is the most general one possible for fields we 
consider



Physical picture



What group is this? 

ÅSystem obeys group properties of Ὀ
ÅTrue if your region is over a very small redshift range

ÅSame group that describes symmetry transformation ofH2 and CO2

ÅUse a character table to get forms of contributions



Getting bias coefficients and BAO scale shift

ÅA few of them come from simulations

ÅOthers are derived from fluctuating Gunn-Peterson approximation
ÅFormula for deriving optical depth in redshift space

ÅOptical depth is related to flux, which is related to ‏

ÅBAO scale parameter his set by fitting a model to ὖ Ὧ
ÅUses … minimization to calculate fitting coefficients

Å/ƻƳǇŀǊŜ ʰ ǿƘŜƴ ὦ πto whhen ὦ is the simulated value



Visualizing the shift



Paper results and takeaways

ÅResults for peak shift depend strongly on bias parameters

ÅDESI precision for Lyman-ʰ ŦƻǊŜǎǘ ƛǎ лΦпс҈
ÅStreaming velocity alone is important but relatively minor

ÅGo to higher order PT and get bias parameters



Part II: Weak lensing detector systematics

Credit: NASA/ESA



Based on . . .


